Background
Obtaining data via self-completed questionnaires is an inexpensive but challenging method of data collection. Research studies -both medical and non-medical -often recruit or follow-up their participants via postal questionnaires but the resultant response rate is often low, which in turn reduces the power of the study and raises questions over the generalisability of the results [1] . This phenomenon and its implications are best illustrated by a 2002 systematic review which identified 292 randomised trials of approaches to increase uptake to postal questionnaires [2] . Moreover, response rates for large cross-sectional surveys have generally declined over the last half century [3, 4] .
Recent years have seen an increased use of online questionnaire entry, in which participants enter their data directly onto a web-based database system (online surveys). Online survey systems offer an efficient way to capture data with several potential advantages: they can be configured to flag erroneous or incomplete data to the participant at the point of entry (which otherwise would be missed), reduce the risk of transcription errors in data entry, and remove the cost of postage and data entry staff. Despite this, the viability of using such a system remains unclear on two grounds; namely the response rate associated with this medium, and the generalisability of participants who do so. In particular, previous studies have reported electronic contact to have an inferior response rate compared to usual paper questionnaires in health research and other settings [5] [6] [7] .
The impact on generalisability is less clear. Previous work has suggested that internet follow-up creates case-mix bias whereby different people respond to particular methods of follow-up [8] , A large proportion of the population now have access to the internet. It may no longer be true that those with access to the internet are better educated, younger, wealthier and healthier as was once the case [9] , and a recent survey reported similar characteristics of people with and without valid e-mail addresses [10] , although a second study found females were more engaged with electronic communication than men [11] . Certainly, web-based questionnaires are only useful in people who are computer literate and who frequently open their mail [12] . Nevertheless, the continued increase in internet communication means these preferences may rapidly change.
This paper reports a trial, nested in a population cohort, in which individuals were randomised to receive either a postal or online questionnaire. Of primary interest are the proportion of participants responding, the means by which they responded, as well as the levels of data completeness for electronic and paper questionnaires. We also assess the implications of using an online survey on participant representativeness and cost. We conclude by presenting our experiences of using an online survey system on other research projects.
Methods

Setting
The trial was nested within the Yorkshire Health Study (YHS, formerly South Yorkshire Cohort), a large scale cohort study collecting information on general health and wellbeing among the general population in the Yorkshire region of the UK. The study has been described in detail elsewhere [13] .
In the first wave of data collection, eligible participants were aged between 16 and 85 and were registered at one of 43 participating GP surgeries in the South Yorkshire region. Potential participants received an invitation letter sent from their GP and a single, 8-page health questionnaire sent out between 2010 and 2012. A total of 27806 participants returned their questionnaire, with a return rate
of 15.9%. The questionnaire contained the question "Do you wish to be contacted again?" to which 22179 people agreed. Of these, 8101 provided an email address which could be used to contact them, and these individuals formed the basis of our nested trial when a "second wave" mailout was undertaken between 2013 and 2015. Individuals who had provided an email address were randomised to receive either electronic or paper contact in this second wave.
The electronic completion arm was contacted by email with a link to complete the questionnaire online (Appendix A). If no responses were received within a month, a questionnaire containing the same questions but in the form of an 8-page booklet was sent by post. Invalid email addresses were identified automatically by the mailout system and these were checked against the original data for transcription errors and corrected where possible before the batch email was sent. As per the intention to treat principle, individuals with incorrect email addresses were considered to have been non-responses unless they returned their subsequent postal questionnaire; the same rule was applied to those with apparently valid addresses that returned undelivered. The postal questionnaire was sent out 4-6 weeks later irrespective of whether the email had been delivered successfully. The online survey system did not contain mandatory fields other than the consent questions and contact details for those who agreed to be contacted again, but did display a summary screen to make participants aware of any missing questions (see example in appendix B). To prevent entry of impossible data, some point of entry rules were applied to the electronic questionnaire (see appendix C). The control group initially received an identical questionnaire by post and were asked to return; if after a month no response had been obtained, a reminder was sent via email with a link to complete the questionnaire online. The study team were aware of non-delivered postal questionnaires but again did not alter the timing of the electronic mail contact schedule for these individuals; again, these were considered nonresponders unless they completed their questionnaire online. The randomisation schedule was prepared by a statistician not involved in the study and was stratified by the participant's age and GP (as a proxy for socioeconomic status), with half of the participants within each stratum randomised to each contact.
Outcomes
The primary endpoint was the proportion of participants who responded with a questionnaire, both overall and within one month, after which time a reminder was scheduled to be sent. The time to response, the completeness of key questionnaire items and the characteristic of responders were also compared. The primary analysis was by intention to treat in which participants were analysed according to their randomised group, and the characteristics of responders was also compared according to the route by which the response was received. For reference, the characteristics of survey participants that were not involved in the trial are also reported. We have not attempted a formal cost-effectiveness analysis since the cost of developing an online survey system and the staffing resource used are highly context dependent, but we conclude by presenting the costs of setting up the system, and the expected savings in postage and data entry.
Statistical considerations
The sample size was constrained by the number of participants providing an email address in the original mailout. Nevertheless, the trial had a high power to detect differential response rates, with 2100 participants per arm required for a 90% power to detect a 5% absolute difference in response rates, using a chi-squared test with a two-sided 5% level of significance. The anticipated sample size of around 4000 per arm gives a power of 99% to detect this difference. 
Ethics and funding
Results
Participant characteristics
The participant flow is summarised in figure 1 . Of the 8101 participants having originally consented to being contacted electronically, 85 died or withdrew consent in the intervening three years and nine practices (n=2076) did not take part in the second mailout during the time frame of the trial. The mailout incorporated an internal pilot phase in which participants in the first practice were rerandomised to receive a shortened, 4-page questionnaire. The 8-page questionnaire was used for all subsequent mailouts and participants who received the 4-page questionnaire (n=103) were excluded from this trial, leaving 5837 participants who were included in the analyses. A second, unplanned perprotocol analysis was undertaken to address a delay in sending reminders affecting nine practices (2379 participants) wherein reminders were sent after the planned 4-6 weeks following the first contact. The per-protocol analysis was restricted to n=3458 individuals for whom reminders were sent on time.
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Figure 1 Participant flow
The characteristics of the participants are presented in table 1, along with the breakdown of those that originally provided an electronic address and the entire YHS cohort (within which the trial population was nested) for reference. The trial participants were more likely to be in the age range 26-55 compared to the cohort and tended to come from less deprived areas; the proportion of females was very slightly lower. Table 1 Characteristics of the study population
Participant response
The response rates are presented in table 2. The response rates were similar (50.9% in the electronic contact group compared to 49.7% in the postal group, difference=1.2%, 95% confidence interval -1.3% to 3.8%), but were markedly different at 30 days (19.2% in the electronic group compared to 38.5% in the paper group, difference=19.3%, 95% confidence interval 17.1% to 21.6%). The difference was largely due to a preference for paper questionnaire, with the majority of responses being received by post in both groups. Of the 1518 participants responding in the electronic mail group, 956 did so via their posted reminder questionnaire with only 562 received via online data entry. Among those randomised to paper questionnaire, 1301 of the 1418 respondents returned their questionnaire by post and 117 did so online. Similar results were observed when restricting the analysis to participants receiving their reminders within six weeks (per protocol: response rates for email and paper 51.2% v 48.7% overall, 19.3% v 38.9% at 30 days). Table 2 Response rates according to randomised group Figure 2 illustrates the response rate by time taken to return the questionnaire and method of response. For participants randomised to electronic contact, 469/2982 (15.7%) responded within 7 days including 247 who responded on the same day the email was sent. The median time to response among those responding online was 1 day (interquartile range (IQR) 0 to 6 days), and was 45 days (IQR 4 to 63 days) when including participants who responded by post. For the paper questionnaire group the median time to response was 12 days (IQR 7 to 21 days) for those responding by post and 13 days (IQR 7 to 27 days) for the group as a whole. Table 4 shows the characteristics of responders according to randomised group and by the method of response. The characteristics of the invitees who had not previously provided email addresses and therefore not eligible for the trial are also provided; in total, 8265 (50.0%) of the 16538 invited outside of the trial responded. Those responding electronically were on average 3 years younger and contained proportionately more females than those responding by paper. Other characteristics which differed were presence of long term conditions, smoking status, the percentage employed and retired, and number of children, which may in turn reflect the discrepancy in ages. The trial population as a whole were on average younger than the wider cohort and reported higher alcohol intake, higher income and being from less deprived backgrounds overall. Table 4 Comparison of participants by randomised group, participants by response route, and the non-randomised health cohort
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Relationship between method of response and participant characteristics
As randomised
Data completeness in relation to method of response
Finally, table 5 describes the response to key questions within the questionnaire. Completion was high (>95%) for all key questions with the exception of waist measurement for which paper responses were more likely to be filled in than the online survey system (96% versus 81%). This difference can be attributed to the inclusion of a tape measure in the postal response group. To address this, the online survey system was amended part way through the study to allow participants to enter their dress size (women) or trouser measurement (men), from which the waist circumference could be estimated. After this amendment was made, around three-quarters of the participants that responded online chose to enter this alternative measurement. Table 5 Response rate for key questionnaire items
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Cost implications
Online survey systems vary considerably in capability and hence cost, ranging from simple online forms to custom-built systems. We have therefore not attempted to quantify the costs of an online survey system, but provide a basic framework for evaluating the financial considerations. We estimated the projected costs of two strategies: 1) postal questionnaire only and 2) electronic mail followed by postal questionnaire if no response is received within 30 days. The set-up of the database to allow entry of paper questionnaire is the same for both and therefore does not need incorporating in the comparison. We have not considered the postal questionnaire + electronic reminder strategy as used here since the cost of the system would be excessive if used solely as a reminder (less than 5% responded this way). Given the low response rate achieved from electronic contact alone, together with the fact the majority of participants did not provide an electronic mailing address, we do not consider a purely electronic contact approach to questionnaire entry.
The marginal cost of surveying a population of size N with strategy 1 is N x (c outward + p 1 x c inward )
Where c outward denotes the per-person cost of questionnaire printing and outward postage, c inward is the per-person cost of returning and processing questionnaires, and p 1 is the proportion of those contacted who respond. In our trial, the cost of printing and the outward postage was £1.40 per questionnaire. Each returned questionnaire incurred postage (£0.38) and thereafter was imported into the database by scanning software, a proportion of which required additional checking for scanning errors and in some cases manual entry. Based on a four month sample of data entry, we estimate the cost of employing a clerical officer for this task to be £2.68 per questionnaire. We therefore estimate M A N U S C R I P T
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13 the cost of postal questionnaires to be £3.06 per questionnaire returned, which for a 50% response rate gives a marginal cost of £1.40+0.5 x £3.06 = £2.93 per mailout, or £5.86 per responder.
For strategy 2, the marginal cost is C system + N x{ (1 -p 2e ) x c outward + p 2p x c inward } Where C system is the cost of the system, p 2e is the proportion of N who respond electronically, p 2p is the proportion of N who respond by postal reminder, and c outward and c inward are as before. In our trial, we found an overall response rate of (approximately) 50% comprising 20% online questionnaires and 30% returned postal questionnaires. Assuming further that the costs c outward and c inward remain unchanged, the cost per person surveyed is £1.40x(1 -0.8) + (£2.68+£0.38)x0.3 = £2.04 (£4.08 per responder) for printing, postage and processing. The difference is therefore £0.89 per person contacted (£1.78 per responder) from strategy 1 before taking into account the cost of the online survey system.
In this survey, for which we had electronic contact details for over 8000 individuals, the system resulted in a cost saving. More generally, an online survey system becomes cost-saving when its development and maintenance cost is less than N x{ p 2e x c outward + (p 1 -p 2p ) x c inward }.
Discussion
Principal findings
We conducted a randomised trial to compare two strategies for collecting questionnaire data: a single e-mail which described the study and provided a link to the electronic database, and a posted questionnaire with a similarly worded covering letter. Participants were sent a reminder if no response had been received within 4-6 weeks, with the e-mail group contacted by post and the post group by email. Although the eventual response rates were similar between the two randomised arms, the majority of responders did so via posted paper questionnaire. Based on this, we advise electronic data capture should not be used as the sole means by which to contact participants within randomised trials and cohort studies.
It is important to point out that whilst use of the online tool was disappointingly low, we were able to achieve a similar proportion of responses when following up with a posted reminder questionnaire, and at a reduced cost. The development of an online survey system requires an initial outlay but is offset by the reduction of costs incurred by postal charges and data entry. In our case, we modified a bespoke, web-based database system to allow participants to directly enter their data but recouped the cost of this through savings on postage and data entry. On this basis, we suggest electronic contact is a cost-effective method of contacting participants for larger scale studies, provided it is supplemented by conventional paper questionnaires. For clinical trials and population cohort studies however, it would appear that a wholly electronic approach cannot replace the more traditional paper based approach. Furthermore, the cost savings reported here will not be found on smaller studies if the upfront cost is not regained by savings on postal questionnaires.
Strengths and limitations
The conclusion that electronic contact reduces the response rate needs to be tempered on three counts. Firstly, our trial was undertaken in Yorkshire, UK, and other settings, particularly younger populations, may have been more amenable to electronic communication. Our trial was also nested within a cohort study whose participants had previously responded to a postal questionnaire, and thereby arguably more likely to respond to paper-based questionnaires than the general population; whilst all had provided an e-mail address three years previously, it may not have been their preferred route of communication. Alternative types of communication -for instance an email augmented by telephone or SMS contact -may have produced a different response. We also note that around a fifth of participants were amenable to electronic contact, and those who responded by this medium did so rapidly. Electronic questionnaire completion therefore holds some potential benefit, and may be especially useful for surveys requiring a convenience sample in a short timeframe.
Although the randomisation should have resulted in approximately equal sized groups, the imbalance of 127 in favour of the electronic contact requires comment. The original imbalance of 10 was further increased by 14 more deaths and withdrawals in the postal group (45 vs 31), and in particular a second nested trial conducted within the first general practice which re-randomised 103 participants to a four-page questionnaire; these participants were also excluded.
We must also comment on the higher than anticipated number of participants who did not receive a reminder within the expected 4-6 weeks. These delays were due to having to delay mailouts whilst awaiting approval of payments to the mailing fulfilment house; having to delay printing of new versions of questionnaires and updates to the electronic questionnaire system whilst awaiting approval following changes to the consent wording; and resource issues caused by unexpected staff absence. Thus, of the original 5837 participants contacted only 3458 received their reminders as scheduled. Nevertheless, the findings among this subset closely matched those of the trial population as a whole.
The research in context: other experiences of electronic and paper questionnaire data capture
These findings mirror our experiences in general when using electronic data capture on other studies. The database used by the Sheffield CTRU was developed in-house and is a web-based system that allows remote data entry which can be adapted to allow participants to enter their data directly. To date, the unit has also used the system for this purpose on one randomised trial comparing two procedures for the treatment for haemorrhoids [14] and one observational study of pregnant females with suspected pulmonary embolism [15] . In both cases, participants were asked whether they could be contacted electronically, by post, or either. In the trial, the 33/370 participants who provided electronic contact details were contacted by email one year after their procedure, of whom nine (27%) completed the online questionnaire. For comparison, 69% of trial participants returned the selfcompleted questionnaire overall. In the observational study participants were contacted 30 days after their investigations with a postal questionnaire, with electronic reminders sent to those who had provided electronic contact details. In total 79 of the 324 participants were contacted electronically of whom 17 (22%) completed the questionnaire online and 20 (25%) completed by post. Overall 44% of the study participants returned the questionnaire.
Our experiences of electronic based surveys are in keeping with those reported in a systematic review of 29 electronic and paper based surveys undertaken between 1992 and 2006 [16] . Although there was considerable variation across the studies, the response rate to electronic based survey contacts were overall half of that found with paper questionnaires. The surveys were not limited to medical questionnaires, and the authors issue caution in the interpretation noting the changing nature of internet use. More recently, two small randomised trials of questionnaire response reached M A N U S C R I P T
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conflicting results. Nota et al. reported similar response rates for electronic and paper questionnaires in a cohort of patients presenting to a hand and upper extremity department; interestingly, they found telephone contact to yield higher response rates [17] . By contrast, Palmen et al. found a far greater response rate for paper questionnaires sent to a cohort of patients following surgery for hallux valgus [6] . A third trial, surveying 533 women prior to mammography, was more similar to ours by virtue of having a postal reminder 10 days following initial contact [7] . Similar to our experience, they reported a substantial difference in response rates prior to reminder (73% paper v 18% electronic), but also a difference after the reminder (77% v 64%) plus higher data completeness in the electronic completion arm, both of which contradicted our findings.
Another strategy not considered by our trial is to offer the choice of either electronic or postal completion. A recent trial by Bray et al. studied a UK birth cohort aged 21 at the time of contact, with participants randomised to either an electronic contact or a postal contact offering a choice of online or postal questionnaires [18] . They reported response rates of 47% and 49% respectively with half of responders doing so electronically, all of which were substantially higher than ours for this age group; their use of five reminders comprising electronic, postal, social media and phone contact are likely to explain much of this difference. The authors found the postal/choice approach to be more expensive.
More consistent with our findings is a non-randomised study of women's experiences of maternity care in the UK, in which contact was made by postal questionnaire with an option to complete online; only 8% of responders used the electronic route [19] .
Naturally, some of the disadvantages of e-mail surveys also apply to postal surveys. Errors of coverage, sampling, measurement and non-response, together with problems of illiteracy, and nondeliverability may also impact on the representativeness of responders [20] . Previous work has also suggested that people with mental health conditions tend to open their mail less [21] ; it is reasonable to speculate the same is also true for electronic mail. Nevertheless, the characteristics of individuals responding to an electronic-only survey has been repeatedly found to differ from the wider target population, particularly in regards to age [22, 23] although counter-examples exist [19] .
Finally, several authors have suggested that the answers provided can themselves be influenced by the method of contact. On the simplest level, this may represent the number of questions completed. We found high completion rates irrespective of the method of response, in direct contradiction to a previous study reporting greater data completeness among web-questionnaire respondents [24] . The same authors also provide a thoughtful reflection on how the quality (as well as quantity) of responses may depend upon the medium it is delivered, although reassuringly a systematic review of 46 studies and 233 patient reported outcome measures found paper and electronic completion to be equivalent [25] . This issue is a multifaceted one which we have not attempted to quantify.
Implications for researchers
The decision as to whether or not to use an online questionnaire will depend on numerous factors. Electronic data entry may be particularly amenable among participants that have expressed a preference for email contact, and in particular younger populations that are more likely to be internet users -although interestingly, the latter was not borne out by our data. Reassuringly, in this general population survey we found the overall response rate and case mix was similar regardless of whether first contact was made electronically or by post, meaning the decision may therefore be largely based on cost. For studies that entail a large mail out the financial benefits are obvious, but studies should be considered on a case by case basis: certainly, the costs and response rates reported herein will not apply to all research scenarios.
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It is however important for researchers using electronic communication as a survey method to understand what factors determine whether an individual chooses to open or delete an e-mail. Electronic communication has been recommended for reminders as well as data capture [18, 26] , and qualitative research suggests that people delete e-mails if the subject line is of no interest to them or if they fail to recognise the name of the sender. In general, scientific e-mail surveys, even those which are anonymous, receive more favourable responses than commercial surveys [27] . As digital objects, e-mails lack physicality but they may have practical consequences, significance or relevance and, in that sense, can be considered 'material' [28, 29] . Appearance and layout also matters: advertising on Google and Facebook have reportedly outperformed that of online news media, suggesting that the presentation of an online approach can affect its reception [30, 31] . Future research should investigate how best to pilot e-mail and online surveys [32] , specifically whether usability engineering and user experience methods may be able to increase the appeal of online and e-mail surveys through tailoring them to match the motivations and values of the target population.
Conclusions
Online questionnaire entry is viable and is less costly for larger studies, but should be supplemented with a postal reminder in order to achieve an acceptable response rate and a generalisable sample. Table legends   Table 1 Characteristics of the study population Table 2 Response rates according to randomised group Table 3 Method of response according to age, gender and socio-economic status Table 4 Comparison of participants by randomised group, participants by response route, and the non-randomised health cohort Table 5 Response rate for key questionnaire items 
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